Is the calcium transporter a potential candidate for heme transport? by Latunde-Dada, Gladys O.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
King’s Research Portal 
 
DOI:
10.1016/j.mehy.2016.04.004
Document Version
Peer reviewed version
Link to publication record in King's Research Portal
Citation for published version (APA):
Latunde-Dada, G. O. (2016). Is the calcium transporter a potential candidate for heme transport?. Medical
Hypotheses. 10.1016/j.mehy.2016.04.004
Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.
General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.
•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.
Download date: 01. May. 2017
Accepted Manuscript
Is the calcium transporter a potential candidate for heme transport?
Gladys O. Latunde-Dada
PII: S0306-9877(16)30012-3
DOI: http://dx.doi.org/10.1016/j.mehy.2016.04.004
Reference: YMEHY 8221
To appear in: Medical Hypotheses
Received Date: 5 December 2015
Accepted Date: 3 April 2016
Please cite this article as: G.O. Latunde-Dada, Is the calcium transporter a potential candidate for heme transport?,
Medical Hypotheses (2016), doi: http://dx.doi.org/10.1016/j.mehy.2016.04.004
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
  
 
Is the calcium transporter a potential candidate for heme transport? 
Gladys O. Latunde-Dada, PhD, Faculty of Life Sciences and Medicine, Diabetes and 
Nutritional Sciences Division, King's College London, London, UK 
 
Corresponding author: 
Gladys O. Latunde-Dada 
Faculty of Life Sciences and Medicine, Diabetes and Nutritional Sciences Division, King's 
College London, London, UK 
Telephone: +44(0)2078484256 
Fax: +44(0)2078484500 
Email: yemisi.latunde-dada@kcl.ac.uk 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Abstract 
Heme is of significant importance in iron nutrition and in systemic iron metabolism. The crux 
of the matter is that while much is known about non-heme metabolism, the vectorial import 
of exogenous porphyrin macromolecules into the enterocyte and possibly into blood 
circulation is still speculative.  The inhibitory effect of calcium on heme iron absorption has 
been previously reported in the literature. This paper postulates that the gastrointestinal Ca 
transporter, TRPV6 might be a putative transporter of heme and that it is the mechanism of 
reduced heme absorption in the presence of Ca. The hypothesis needs to be investigated in 
vitro and in vivo with targeted TRPV6 deletion models to explore the nature of the 
competition of heme uptake by Ca. Studies are required to characterise fully this function in 
the gut and in systemic metabolism. If the hypothesis is proven, modulators of TRPV6 
expression could have clinical implications in the management of heme-induced disorders. 
 
Introduction 
Transport of heme at both luminal and endogenous levels are quantitatively of vital 
importance in iron metabolism. Systemic transcellular heme transit is carried out by 
proteins or receptors such as LRP or HRG1 that are not expressed in the duodenum (1, 2). 
Consequently, the enterocyte vectorial apical heme transporter remains elusive and 
enigmatic in iron metabolism research since HCP1 transports folate with a higher affinity (3, 
4). There is considerable evidence that the duodenal transporter of heme porphyrin 
proteins has higher transport kinetics than DMT1, the inorganic iron counterpart (5). It is 
presumably due, in part, to heme non-reactivity with luminal inhibitory dietary ligands. 
Consequently, heme iron sources from animal products are quantitatively of higher 
bioavailability than non-heme iron and can provide a relatively larger amount of iron to the 
body (6). The disparate haem and non-haem transport proteins are, however, paradoxically 
inhibited by calcium in models of both animal and human studies (7, 8). Inconsistencies or 
disparity of inhibition of Ca on iron absorption have in recent times been attributed to dose, 
time duration, and the Ca sources used in various experiments (8-10).  
From previous studies towards a hypothesis 
Heme and non-heme iron in luminal food matrix maintain distinct, discrete identities of 
which the former assumes supremacy of higher bioavailability only to culminate ultimately 
in a common pool of inorganic iron in the cytosol of the enterocytes. While there is evidence 
of a delayed systemic response to heme absorption when compared with non-heme iron 
(24), its existence as heme moieties after absorption seems to end in the cytosol. Evidence 
has shown that calcium exerts an inhibition of heme absorption at the initial mucosal uptake 
step rather than at the basolateral transfer into circulation (25).  Although heme absorption, 
in a similar pattern to that of non-heme occurs in the duodenum, there is a decreasing 
  
gradient along the lower gastrointestinal tract (19).  In contrast, however, solubility of 
heme, unlike that of non-heme exhibits an increasing gradient with increasing pH of the 
lower gut. Consequently, higher heme absorption by transporters in the lower gut would 
benefit additionally from longer resident and transit time. Calcium has been shown to 
inhibit heme-induced cytotoxicity and carcinogenesis (20, 21) in the colon. TRPV6 is 
expressed in the duodenum and possibly in the lower section of the gastrointestinal tract. 
The hypothesis 
In light of the inhibitory effect of Ca on heme absorption, it is herein hypothesized that 
TRPV6, the Ca transporter, possibly transports heme and is inhibited by Ca. That, the 
putative function of TRPV6 as a heme transporter is competitively inhibited by heme.  This 
hypothesis seems plausible because heme was demonstrated to bind and inhibit 
mammalian calcium-dependent Slo1 BK channels in the brain of the rat (26). These channels 
possess the conserved heme-binding sequence motif (CXXCH) (16, 27). The physiological 
consequences of this finding will have ramifications for other tissues and organs that 
express TRPV6 and possibly other calcium channels as well. What is particularly fascinating 
is the evidence that the G185R mutation turns DMT1, the non-heme membrane iron 
transporter into a calcium channel and this was ascribed possibly to a selective advantage of 
Ca flux to extend the lifespan of microcytic (mk) mice and Belgrade rats (28).  Of significance 
importance, also, is the evidence that alludes to efficient heme uptake in the Belgrade rats 
when strain differences were eliminated in the control group (29, 30). Although the binding 
motif is not conserved in TRPV6, luminal competitive binding and interactions of calcium 
and heme might account for the mechanism of the inhibition on the transporter. While 
hemin carries a net positive charge, it did not induce electrochemical current in oocytes (4), 
the mechanism of inhibition could possibly be by coupling and binding to Ca in the lumen 
that consequently inactivates TRPV6. An alternative scenario is that heme-calcium complex 
induces conformational changes to the configuration of Ca transporter. 
Testing the hypothesis 
 Studies are warranted using radio-labelled heme to investigate the kinetics and the nature 
of the inhibition of heme transport by the calcium channel. Studies will examine heme 
transport in cell cultures and investigate if amino-ethoxydiphenyl borate (2-APB), the 
inhibitor of Ca transporter, would diminish heme uptake in cells. In vitro binding 
characteristics and kinetics of binding of heme-calcium complexes will also be investigated. 
Calcium channel knockout mice, Belgrade rats, L-type Ca channel blockers, transgenic 
expression of TRPV6 and radio-labelled heme are valuable tools to employ in such studies. 
Heme absorption/uptake and competition of uptake by Ca will be carried out in these 
animal models. Techniques of immunohistochemistry and confocal microscopy will be 
employed to localise TRPV6 in different sections of the gastrointestinal tract. It is also 
important to decipher the intricacies and complexity of interactions involved in the 
  
pleiotropic transporter functions of calcium channels which upon mutational transformation 
of DMT1 also assume a gain-of-function heme transporting role.  
Implications of the hypothesis and conclusions 
The hypothesis as proposed will be attested if heme absorption is inhibited by TRPV6 
inhibitor, 2-APB and heme absorption is enhanced in calcium channel knockout mice and 
belgrade rats. The validation of the hypothesis will advance knowledge in the mechanism of 
heme absorption in the gastrointestinal tract. At the public nutrition level, the use of 
calcium supplements and rich sources of Ca in the diets will need to be moderated for 
specific iron nutrition disorders. 
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